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ORIGINAL PA« W 
OF POOR QUALITY 


Reflectance Differences Between Target and Torch Rape Culdrars' 

H. W. Gatttmaii and R. W. Learner* 


ABsnucT 

To chmctcrlK and ciplaia leaf utd plaat rellcctaBce 
diffmacct betwra Taiycc (Monica nmpm L.) and Torch 
(Arotika r a w ^ t if r i i L.) rapt culUvan, laboratory spec- 
crophotoaecrk rcfkctaace mta«iircmc&ts wm oude oa 
leaves of the same afc, collected from diffcrait nodm, 
aod oo leavei of different afci, collected from the same 
nodtf for both mmll (Hire leaves) and large (nine leaves) 
Tar^ and Torch plants. Spectroradiomeok reflectance 
measoremcntt were made on Target and Torch plants 
(four and five leaves, respectively) that were crowinf in 
OUlt m* soil<oouiaiag Oats. Torch’s spectropnotometric 
single leaf reflectance was consistently lower than Tar- 
im’s at the 66fMim chlorophyll abmrptioa band because 
Torch’s chlorophyll conccntracioo was larger than Tar- 
get’s, which caus^ more red light ahsorpcancc. Spcctro- 
radiometric oMaturemenu indicated that: (1) wet soil 
strongly ahsorhed visible light (5M to 700 am) so that 
Target’s soil-containing flat with 00% plant cover had 
1cm rcfkctaace than Torch’s foil-conuining flat with 
7S% plant cover, it) Torch (most fottage) had higher 
near-infrared (7M to 1^50 om) reflectance than Target 
(least Collage), and (S) the 2,200-om wavdeagth Is a can- 
didate band to dbtingitisb Target from Torch. The dif- 
ference la chlorophim concentrations betwe en Target 
and Torch, compared with leaf structural differcncei, U 
apparently the amoi (mportam (aaor that would affect 
the lafraiW color flhn*i tonal lespoose to vegetation in 
the photographic sendtive r eg i o n (500 to 900 am). 


AddMmmi mdra words; Spectr op hotometer, Chlorw 
phyU, Soil, Leaf structure, lanarcd color film. Remote 


T arget (Srassiea Mpus L.) and Tordi (Brassica 
campestns L.) rape cultirars have been disdn* 
fished with color-infrared aerial photography in 
Canadian i emote sensing^p identification programs 
(Mack and Bowren. 1^5). This unexpected result 
emphasized the need for basic informauon on rape's 
leal and plant reflectance. Large variations in reflect- 
ance can result because of differences in growth stages 
and physiological characteristics of exposed leaves 
(Hoffer and Johannsen, 1969: ICnipling. 1970; Gaus- 
man et al., 1973a: Woolley, 1971: Wiegand et al., 1972: 
Sinclair et al., 1973). Consequently, we undertook this 
study to characterize and explain leaf and plant re- 
flectance differences between the Target and Torch 
rape cultivars. 

MATERIALS AND METHODS 

Target and Torch rape cuitivan were telected for uudv, rep- 
reseniing Argentine summer npe ind Polish turnip rape, res- 
pectively. 


^Soil and Water Conser. Res.. Ache. Res-. Science and Cduc. 
Admin.. USDA. Weslaco. This study was supported in part by 
the Nat. .Aeron. and Space .Admin, under Contract No. $-70251’ 
AG. Task 3. Received 22 Sept. 1980. 

*Supervisorv plant phvsiologist and soil scientist, respcctivelv, 
USDA, Weslaco. TX fS596. 
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lUpt Mfdf wtrt pUnMd it two dintrcm dmci (Exptrintiit 
I in Jiauiry 1975; Cxpcnmtnt 2 in Much 1975) in i grtm- 
home: i nndomised compkce bloch cxperimenal deitgn with 
18 replicitions of the t%w> cuUtvirs wu used for cnch cnpeh* 
V :nt. However, ill seeds did not germinite ind dilBcu!ty wu 
encountered with the abhiee k>oper (ilutogrephe bruhcet 
(Riley)}. Comequently. u inmcitcd liter, mimben of tepUca* 
tkm varied for leaf reflectance and physical OMaiurementi. 

For each experinent. four rape seeds were planted in each 
4.0-Uter plutk pot containing i mixture of sandy day loata 
soil. Ferlitc* (i horticulture conditioner: 9-02% by weight), and 
I 10*25-5 (ertiliier to give an equivalent rate of 67 kg N/ha. 
Flants were thinned to two per pot 9 and 10 days iftu eomr* 
gence for Experiment 1 and 2, respectively. One plant wu dcsig* 
nated for comparisons of reflectance mcuurements on leaves of 
the same chronoloeical age (Target vs. Torch); t^ leaves com- 
pared thus came from different nodes. The outer plant wu 
designated for comparisons of reflcaaiKe meuurements on leaves 
from the same (Target vs. Torch); the leaves compared 
thus differed in chronological age. 

Small plana (fi%*e leaves) were used 19 days after emergence 
in Experiment 1. Target's and Torch's leaves of the same 
age (15 days old) were colkaed from nodes 2 and 5. resp^- 
tivelv. for 16 replications. Target's and Torch’s leaves of dif* 
fereiit ages (14 and 16 days, respectively) ame from node 1 
from 16 replications. These leaf collectii^ procedures are gen- 
erally referred to u: (1) leaves of the same age from diflerent 
nodes of small plants, and (2) leaves of different ages from the 
saoK node of small plants. 

Larger plana (nine leaves) were used 40 days after e m erg e nce 
in Experiment 2. Target s and Torch's leaves of the same age 
(52 davs old> were collected from nodes 3 and 5, respectively, for 
15 replications (nodes were counted from the base of a plant.) 
Target's and Torch's leaves of different ages (22 and 27 days, 
respcnivelv) came from node 6 and 10 replications. These Imf 
collecting procedures will be generally referred to as: (1) leaves 
of the same age from different nodm of large plants, and (2) 
leaves of different ages from the same node of large planu. 

Immediately after leaves were colleaed. they were wrapped 
in plutic wrap and stored on ice to minimite water loss. In 
the laboratorv. leases tvere cut in half longitudinally; one half 
wu used for spectral and physical meuuremenu and one half 
wu used for cnlorophvll analysis. Leaf thickness wu meuured 
with a linear-displacement transducer and dinul voltmeter 
(Heilman et aL. 1^). Leaf area was determined with a plani- 
meter. Water content of leaves was determined on a drv-weight 
basis: leaves were oven dried at 66 C for 72 houn and cooled 
in a desiccator before weighing. 

Tivue pieces sampled from the center of leaves were fixed 
in formalin -acetic acid-alcohol, dehydrated with a tertiary bu- 
tanol series, embedded in paraffin, stained with the afranin- 
fut green combination, and transversal Iv microtomed at 12-Mm 
thiclmess (Jensen. 1962). Photomicrographs were obtained with 
a Zeiss Standard Universal Phocomicroscope. 


Eeckman Model OK-2.\ spectrophocometer. equipped with 
a reflectance attachment, was used to measure total diffuse re- 
flectance on upper (adaxial) surfaces of single leaves over the 
500- to 2,500-nm waveband. Dau were corrected for decav of 
the barium sulfate standard (Allen and Richardson. 1971) to 
give absolute radiometric data. All ttaue sampling and measure- 
mem procedures were completed within 7.5 hours of leaf col- 
lection. 


Seven wavelengths were selected from the 4* wavelengths 
measured at 50-nm increments over the 500- to 2,500-nm wave- 
band. Wavelengths selected were 550. 650. S50, 1.450. 1.650. 
1.950. and 2.200 nm: representing, respectivelv. the green re- 
flectance peak, chlorophyll absorption und. a wavelength on 
the near-infrared plateau, the 1.4ik)-nm water absorption band, 
the 1.650-nm peak following the l.450-nm water -absorption 
band, the 1.950-nm water-absorption band, and the 2.200-nm 
peak following the I.950-nm water absorption band. 

The t test \Steel and Tome. I960) was used to statisticallv 
test the difference between means of Target s and Torch s leaves 
for reflectance data at each of the seven wavelengths and for 


• Mention of a companv name or trademark is for the readers' 
benefit and does not constitute endorsement of a particular 
product bv the U S Department of Agriculture over othen that 
miv be commercialh available. 
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iMf water content, thicknen. and aiea data. Total chlotophyil 
waa determined by a routine method (Horwita. I96S) on IM 
Mmpiea stored 97 days at —19 9 C. 

Spenroradiometric meaaurementi were made on the cultivan 
grown in 0.09 m* wil<oncaini^ Hau to timuteu Reid condi- 
tions. Fifty seeds for each cuUivar were planted per flat. How. 
ever, unequal germination resulted in 40 and 90 piama per 
0.09 m* area for Target and Torch, respectively. Ground cov e t 
at the time of measurement was about 60% (or Target's four- 
leaf plants and 79% for Torch's five-leaf plants. An Emstech 
Model 20 spectroiadiometer (LeanKr et al.. 1979) waa used to 
measure refieaed radiation over the 900- to 2.900-nm waveband. 
Measurements were made 0.9 m above the planu with a 19- 
Held view (0.044 m*). 

RESULTS AND DISCUSSION 
Leaf Physical Measurementa 

Water contents of Target's and Torch's leaves were 
not siraificantly different (p = 0.05) with the excep- 
tion of leaves of different ages chat were collected from 
the same node of large plants (Table 1). Target's 
leaves were thicker than Torch's only when leaves of 
the same age were collected from different nodes of 
large plants. Target's leaves were larger (upper sur- 
face area per leaf) when leaves of different ages were 
collected from the same node of both small and large 
plants. 

Laboratory Spectrophotometric Measurements 

Photomphically sensitivt vihble and neav'infrared 
region. The 500- to 900-nm waveband essentially en- 
compasses the sensitivity range of both convenuonal 
and infrared color film (when a yellow filter is used 
CO absorb blue li^ht). Conventional color film is sensi- 
tive to visible light, and infrared color him with a 
yellow filter is sensitive to light from the 500-nm 
wavelength in the visible region up to about the 900- 
nm wavelength in the near-infrared region (Friu. 
1967). 

Three important wavelei^hs within the 500- to 900- 
nm photographically sensitive region are shown in 
Table 2: (1) 350-nm wavelength (green reflectance 
peak). (2^ 630-nm wavelength (chlorophyll absorption 
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band), and (3) S50>nm wavelength, a candidate band 
for discriminating purposes in the reflective near-in- 
frared region (Gausman et al., i973b). 

Leaf reflectance differences between the Varget and 
Torch rape cultivars were statistically simiflcant (p 
w 0.05) for the 630-nm wavelength at all times that 
leaves were collected. Target’s leaf reflectances were 
higher than Torch's because Target had a lower aver- 

? ;e toul chlorophyll concentration (09.06 mg/g) than 
orch (10.22 mg/g). Thus. Torch’s leaves had more 
red light absorptance than Target’s leaves. Reflectance 
at the 550-nm wavelength (green peak) was significant- 
ly diffdent only when leaves of different ages were 
collected from the fame node of small plants. 

Healthy foliage records red on infrared color Elm 
because si light-toned cyan image (less dense or less 
saturated) results, which allows the transmittance of 
more red radiation in the viewing (Gausman et al.. 
1970a). High chlorophyll (Torch) would increase red 
light absorptance, aecrease its reflectance (less red 
r^ation impinging on the film), and cause a more 
saturated image in the infrared color film’s magenu 
dve layer. Thus Torch leaves, with their higher chloro- 
phyll concentration, appeared darker red on the trans- 
puency, as reported by Mack and Bo wren (1975), than 
did Target’s leaves, which had a lower chlorophyll 
concentration. 

Reflectance of a plant leaf has been explained on 
the basis of critical reflection of light at the cell wall- 
air interface of the spongy mesophyll tissue (Will- 
statter and Stoll. 1918). Near-infraiW light reflectance 
(750 to 1.350 nm) usually increases with an increase in 
number of intercellular air spaces (Gausman et al.. 
1970) because light is scattered in passing from inter- 
cellular air with a refractive index of 1.0 to hydrated 
cell walb with a reflactive index of 1.425 (Gausman 
et al.. 1974). 

Reflectances at the 850-nm wavelength were not sig- 
niflcamly different when leaves of the same age were 
collected from different nodes of either small or large 


Table 2. Avarafa laaf raflaetaacaa at aavaa wavalaactka of 
Target aad Torek rape laavaa of tka aaaa age aad wfaraat 
agaa colioetad hM aaall aad large plaata. 

. A'aragalaafiaaactaaea 

Rapaaaad ■ ■ ■ ■ — 

enitivor SSOaai SSOam SSOiib l.tSOaa l.SSOam I.SSObb 2.S00iim 

^ 

Laavaa of seat age (roa difianet aodia o< tmall ptanu 
Tatgat 14.9 8.8 41.6 12.0 27.0 3.9 13.9 

Torek 18.7 8.0 41.0 13.2 28.4 4.7 15.8 

DUfaraoee -0.8 0.8* 0.6 -1.2* -1.4* -0.8* -1.9* 

Laavaa of dllfaraot afoa (ram aana Doda o( traall plaata 
Tariat 18.3 8.9 41.6 9.9 28.1 3.6 11.8 

Torek 18.4 9.3 40.4 10.8 28.3 3.9 13.4 

Oiffmoea -U« 0.6» 1.2» -0.9* 1.2« -0.3* -1.6* 

Laavaa of aaoM aft (roB diflarant aodaa of large plaota 
Targac 14.4 8.8 44.6 9.0 28.0 3.6 10.9 

Torek 1X9 7 5 43.S 10.4 27.2 3.8 13.1 

OUlWaM 0.5 1.3* U -1.4 -2.2* 0.1 -2.2* 

Laavaa of diffarant agaa (ran aaoM node of large plaata 
Target 14.8 10.1 48.8 11.6 28.4 4.4 14.0 

Terek 14.3 6.3 44.3 11.5 28.0 4.0 14.0 

Dintreaee 0.6 1.8* 2.6* 0.1 0.4 0.4 0.0 

* Oaaerea atgaificaat diffareaee at ika 5* probability laveL 


plants. However, Target’s reflectances were lar{^ 
than Torch’s when leaves of different ages from uie 
same node were compared from either small or large 
plants. 

Target’s and Torch’s leaf transections were com- 

f iared. Their mesophylls were similar when their 
eaves were the same chronoloncal age This was ex- 
pected because reflectance differences between them 
were not significant at the 850-nm near-infirared wave- 
leimh for leaves of the same age from either small 
or wge plants (Table 2). The effects of leaf an dif- 
ferences on mesophyll structure and near-infl -red light 
reflectance have been previously described (Gausman 
et al., 1970b). 

Wate* Absorptance Near-Infrared Region 

Target’s leaves had less reflectance than Torch’s 
leaves at both water absorption bands (1,450 and 
1,950 nm) for leaves of the same and different ages 
fiom small plants (Table 2). However, Tatgetb leaf 
water contents were not much different from Torch’s 
(Table 1). Moreover, coeffidenu for linear correla- 
tions of leaf reflectances with their respective water 
contents were sutistically signiflcant but extremely 
low (—0.24 to —0.45) at either the 1,450- or 1,950-nm 
wavelengths. 

Spectral wavelength intervals centered around the 
1.650- and 2,200-nm wavelengths may provide for op- 
timum discrimination of vegetation (Gausman et al.. 
1978). Torch’s leaf reflectance were lUgher than Tar- 
get’s for all measurements (Table 2) except for leaves 
of different ages from large plants at the 1,650- and 
2,200-nm wavelengths. 

Spectroradiometric Measurements 

Plant density, soil water content, and lesd color af- 
fected spectroradiometric measurements made on Tar- 
get and Torch plants that were grown in soil-contain- 
ing flats (Fig. 1). Although equal numbers of seeds 
were planted for each culuvar. seedling emergence di.' 



Fif. 1. SpcctroradiometricaUv mcaaurad reOcctaoce over the 
M)0 CO 2v500*am waveband for planu of the Tatfet and Torch 
rape cultivars in sotl<ontatnij^ (lau. 
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fcred. Final plant densities were 40 and 50 planu/ 
0.09 m* for Target and Torch, respectively. 

Torch’s reflectance was higher than Tarot’s within 
the 500- to 750-nm waveband. We immMiately de- 
duced chat the opposite should have been true, be- 
cause Torch’s plant density was higher and iu leaves 
were greener than Target’s. Consequently, Torch 
would have more absorpcance of red liffht and less 
reflectance of green light than Target, However, wa- 
ter was added to the soils to ensure turgid plants at 
the time of measurement. Wet soils, compared with 
dry soils, strongly absorb visible light (Hoffer and 
Johannsen. 1969). Thus. Target's soil background ab- 
sorbed more light (less reflectance) than Torch’s. Ap- 
parently, this soil background effect was too strong 
tor the leaf color differences to manifest themselves. 

Torch's plant density was higher than Target’s, caus- 
ing higher reflectance from Torch over the 750- to 
1,350-nm rcfl^iive near-infrared region (Fig. 1). Re- 
flectance for this waveband may increase with an in- 
crease in leaf area index, plant population, plant 
height, or percent plant cover (Wie^d ct al., 1974). 

Target’s and Torch's reflectance were essentially the 
same over the 1500- to 1.950-nm waveband in the near- 
infrared water absorptance region. Over the 2.000- to 
2.500-nm waveband, however. Target’s reflectance was 
higher than Torch’s. Therefore, we can speculate that 
the flats containing a high density (75%) of Torch 
plants somehow had more water exposed to the sensor 
than did the flats with the lower density (60%) of 
Target plants. 
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